I. Introduction
HE importance of adequately representing the pressure field forcing function used in structural response studies relying over the surface of a structural finite element model is illustrated in the following sections of the paper ( Figure 1 ). The response resulting from acoustic noise excitation calculated using such models is an example of a fluid structural interaction that depends on the spatial correlation of the applied pressures at each frequency of interest. The patch method can be used to approximate a continuously changing spatial correlation function by sampling the values of that function at regular intervals and applying them consistently within each patch. This approximation approaches the continuous function in the limit as the size of each patch gets smaller and the patch density gets larger. Since choosing an extremely fine patch density can be computationally expensive, the recommendations of the technical paper are intended to assist the analyst in avoiding errors, and to provide suitably accurate response results for the frequency bands important to their own work.
Using the patch method to represent the continuous spatial correlation function of a phased pressure field over a structural surface is an approximation. The approximation approaches the continuous function as the patch size becomes smaller. As a first step, several comparisons of the approximation versus the continuous function realized at different frequencies are provided. These plots may provide insight revealing the answers to the following questions:
1. For what patch size/density does the approximation seem to be very good? 2. What does the comparison look like when the patch size is too coarse (i.e. too large) for the frequency range and the approximation begins to break down? 3. What does the approximation look like when the patch size is grossly too large?
These observations can be normalized with respect to frequency by converting the patch dimensions so that they represent a fraction of the fluid wave length using the speed of sound (Figure 3) . Imposing the applied pressure field that represents the correlation with local maxima and minima across the surfaces of the panel is desired. Therefore, care must be taken to avoid an approach that flattens out the local maxima and minima to zero. Figure 3a indicates that choosing a patch center to center distance equal to the ½ the fluid wave length would result in this undesired situation. Therefore, selecting a center to center distance equal to ½ of the wavelength at the largest frequency of interest would be too coarse an assumption for patch density. The assumed patch density should be finer. Patch An explanation describing how the correlation function is used to apply the pressure field is discussed in Section II.
In addition to the qualitative comparisons provided above, the enclosed area of the correlation function is explored visually in Section III. This provides a more quantitative assessment of the spatial distribution of phased pressures across the panel surface.
Afterward, a convergence study is presented using a single launch vehicle panel FEM to demonstrate by comparison the impact of using a poor patch density assumption to complete the analysis. Developing insights that help us to predict sufficient patch density to provide adequate convergence within the intended frequency range of interest for our proposed analyses is a goal of this study.
.
II. The Applied Pressure Forcing Function depends on the Spatial Correlation Function
The equations presented below provide the framework for applying a pressure field excitation over the surface of a panel system. A random pressure field on a launch vehicle skin surface may be approximated by dividing the surface into patches, or regions of uniform pressure with no phase offsets within the patch. The size of each patch must be chosen to be small enough to justify the assumption of uniform (though dynamically varying) pressure with zero phase offset across the patch. The selection of the appropriate patch and element size is an important parameter for specifying the forcing function. The pressure may be defined as a stationary Gaussian random field with spatially varying autospectral density. The pressures on any pair of patches may be correlated, exhibiting a non-zero cross-spectral density between them. The random pressure field is thus a Hermitian matrix of spectral densities of dimension Np, the total number of pressure patches. The pressure autospectra occur on the diagonal of the matrix. The cross-spectra appear as off-diagonal terms. The random pressure field on all patches may be written as 
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III. Quick Look Evaluation For Adequacy of the Approximation
Short of performing a convergence study, an analyst might compare the look of the approximation provided by his choice of patch density to the function. They might also quantitatively assess the values of the approximation in regions where the function returns positive and negative values. Three types of areas were calculated in order to assess the values of the function in certain regions. These three area types are illustrated in figures 4 through 6. Since the 15x15 assessment appeared to be the better assumption of the two cases that were compared in Figure  2 , Figures 7 though 12 are provided to show the differences of the applied approximation using comparisons with . Figure 13 is provided so that the reader can appreciate an effect similar to Analog to digital aliasing of time data. When the patch assumption samples the intended correlation function too infrequently, a different wave form is represented by the patch approximation than that which was intended. 
IV. Vehicle Panel Response Convergence Study
Actual vibration response was then calculated using the same vehicle panel FEM and several different assumptions for patch density. The applied pressure field was identical in each case except for the number of patches and therefore the fidelity of realized cross correlation relationships represented by the cross terms. The cases are summarized in Table 1 . Of the three important structural modes in the range from 50-65 Hz ( Figure 15 ) the totally correlated response case (the 1x1 blue response trace of Figure 14) is only effective at exciting the odd mode. It therefore provided a very poor approximation.
V. Conclusion
Spatial correlation function approximation using the patch method was illustrated across the frequency range for several different patch assumptions. Ranges where the approximation is not ideal were identified by qualitative/quantitative comparison. A convergence study illustrating the sensitivity to patch density was presented.
The recommend patch size should be based on the highest frequency range of interest. Maintain "Patch center to center distance" less than 1/2 the fluid wavelength at highest frequency of interest. Note 1/3 or 1/4 of fluid wavelength is preferred.
A summary relating rectangular "Patch Size" to "Fluid Acoustic Wavelength" is provided in Table 1 below. 
